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THIRTY YEARS OF SOVIET ELRCTRONICS
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A. Phutoeleotrieity

. " In 195 A.—I'- Lokirskiy studied the photoeffect with crystals acu, while
vorking on X rays, developed a nev method of a spherioal condenser which was used
by Lukirskiy a%?ruuhqev in work, beginaning in 1926, on photoelectric effacte

. at metallic sunfhces. In this work, the measurement of the energy of the photo-
. eleotrens and the werk funotion was made by the method of retarding potentials.
The application of the spherical condenser transformed the method of retarding
potentiale into one of the most accurate and rellable methods of dstermining the
vork funotion. The motion of photoelectrons in the field of a sphsrical con-
denser can be fully calculated beforehand from the geometrical dimoneions of the
epparatus; the maximam energy of the photoelectrons can be determined with a
high degrees of ascouracy and the possible csuses of errors can be determined or
excluded . .
L In addition to the invention of this valuabie method of lnvestigating
i photoeffects, the great significance of the work of Iakirskiy and Prilezhayev
lies in e fact that it provided a strict quantitative verification of Binstein's
‘photoelectric equation. The correctness of this equation was verified to a
righ degrée of accuracy. At the same time the numerical valus of Plauck's
constant was determined with great acouracy and immsdlately attemppa vere made
to find experiasntally, by tue photoelectric mmthod, the energy distribation of
- electrons in metals.

) Some years later there appeared the theoretical work of I. Ye. Tamm, In

’ vhich 8 tacory of the external photoeffect for the case of a clean met.allic
surface 1s developud by the method of wave mechanics. Diacnssing the question
of the relation of the electrons to the crystalline lattice and ths conditions
under which the absorption of quanta by an electron of the metal d14 nat produce
a violation of the law of coamervation of impulses, Tamm arrived at important
oonclusisns coccerning the preserse of dual forus of the external photoeffect;
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of "surface” and of "volume" origin. ¥he "s.iace™ phoicelfect 18 conuected
with sudden change of potential energy at thc voundary of the metal, and the
"volume”™ effect with the potential "rellef™ 1nside the metel (periodical fleld
of the lons in the lattice). Tamm's theory serred not only to clarlfy the
causes of the appearance onf selective maxima on the curves for the spectral
dlatribution of photocurrent in pure metals In a number of casas, but also,
shortly afterwards, drew attention to other ceses of electronic emission at
metdllio suriTmces.

g The mechanism of selective photoeffect in the case of a complex surface
' vaa diecussed in the worke of Iukirskly and Ryzhanov, while the intsrpretation
of ‘apectrai selectivity for pure metals, arrived at from the optical constants
of these matale, was given for a number of cages by Inkirskly and Ehurgln.
‘This latter work was connected with the general series’ of studles carrled out
by AYYS ‘bn optice and on photoeffects for alkaline metals, and is one of the
moat {mportant works in this fleld.

In later years, in the fisld of photoslectricity, as well as in the field
of thermionics, the attention of pk,elcists was concnetrated .not on the study s
-of propertiss of pure metals, but on research pn complex photocathodes of
. _.various types. From the invention of the caesium-oride photocathode in 1930
: ST untd 11937, thie was: the main sibject of the majority of the work on photo-
P , L Ueffesta.: In the USSR :the. propertiee of this cathode, which was go important
d LU ferbechnplogy ; Were gtudied 1ntensely, 1ts technology was worked ovt and 1ts
© anomalous properties and the mecheanism of ite action wers lnvestigeted.

In this -onnection, the outstanding study was the one conducted by Stalln
Prize-vinner Timofeyev and his colleagues; from thelr laboratory came the first
Boviet photoelement of high sensitivity with a caesium-cxldu cathods. Timofeyev
and Pyatnitskiy first began the study of the epergy diastribution of the photo-
electrons, which wes esseatial for understanding the mechanism of the astion
of this photoosthode. ILater Kushnir and his colleagues successfuliy continued
the study cf both thie and other complex cathodes. Ehlebnikov, together with i
Sinttayn and Saytsev, studied the properties arc technoiogy of various modifi-

d oations of the caegium-oxide cathode and investlgatsd {ts epectral characterletics,
fatigue, end the distribution of sensitivity on ths surface. Finelly, in 194k,
the work of Morozov apd Butslov appeared, whish was rich in experimental material.
In this wcrk the connection of the photoelectric and ortical properties of the
cathode with the thickness of the semiconducting layer was observed. The
experimental data obtained in this work made possibls a new appralsal of the
complexities of the action of the caeslum-oalde photocathode and, in partloular,
refuted various constructions develop=d by de Bur.

N ) In 1936, the antimony-caesiun photocathode vas discovered. A year later

. thne firsi Soviel work cn the subject sppeared, in which lukirskiy and lusneva

' degoribed the propertiees of photoelements with cathodes of this type. At this
time, ths technology for this cathode #as still undeveloped, the mechanism of
ite action was unknown, and its properties had been studied very livile. Even

: in this first work, surprising and ingeunioue explanatiove of a number of the
K newly discoversd anomalous propertias of the photoelement with the new cathodes
were given. In particular, the mbsecnce »f saturation with photoelements in
vacuo is explained by the great loagitudinal reeistance of the cathode and the
sppearance on it, befors illumination, of a fall of potential. Consequently, a
"aliding® photpourrent appears, increasing at the exponse of gecondary emission:
thie current increasea with the voltage and 1s superposed on the initial current
&t the sathode. Iater, when the value rf the new cathede becume clear to
physicistas and when its recmurkable properties (great photoseneitivity, stability
in operation, simplicity of manufacturs) aroused widespread interest, a large
number of works appeared on antimony-caesium cathodee; the overwhelmtng WA STty
of these were from Soviet sclicentists. The first publicetion in the US concerning )
the new pburoelements appeared in 1941, ard there is no dvubt tkat not only have
antimony-caesium pnot_elemeats been more fully studied in Russia than in England
or America, but also that its applicetims in technology were msde earlier and
are more widesrread. I¢ le pcseible to mentlcn only some of the many questlons
concerning this work in this article.
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In 1939, Prilezhayev, etudtied the prepertles of antlmocy-caesium cathodes
in equilbrium with caesium vapour through extensive experiments carrisd out by
the method of the spherical rtondenser. This work of Prilezhayev, which is
closely sllied to the famoua regearches of langmuir concernling the absorption
of atoms op metallic surfaces, contributed much to the understanding of the
process of activation of the cathode and the mechanism of lte operation.

In the interesting end fastidious studies of Vekshinaky, carried ocul in
the laboratory of the "gyetlana” factory in 1940, tbe microstructuro of the
antlmony-cassium cathode wae studied (esrlisr work had been carried out on

) .the cassinim-nxide ca-t_hode). In the study of the photoeffect of the surface

o ) of various elements, Vekshinskily applied his own method for the eutcwatlic re-
sording of photo currente very succesefully. He later applisd the results
obtained by his method in his studies on the procesa of cryastallization of .
“thin metallic films of antimony succes.fully in metallographic etudies on
alloys of various elemeénte. Kor the latter, Vekshinekly was awarded a Stalin
Prize in 1946. Thus, wide applications in cowpletely different branches of
~technology :develcpsd from photoslectric studles on the methods of obtatning
‘and analyzing thin metallic films.

181939, 8. Yu. Iak'yanov determined the quantum sensitivity of antimony-
r-odesinm oathodes by a new rethod; the sensitivity reaches the enormous value
- of approximetely 1/k elactron per quantum at points of spe. sal miximum of
: s :ganaitivity of the ‘cathode. This development makes it poseible to regard the
s e  tew'oathodes ‘as very senslitive indicators for radiant energy of & given wave-
. ABRELD .. S R

latsr Knlebnikov and Melamid ehowed that the antimony-caesium photo-
oathode is also very sessitive in the ultraviolet region of the spectrum.
Loy designed photoslements with thin-walled windows and successfully solved
the problem of oreating sensitive apparatus fo1' rocording ultraviolet
radiation.

For research into the spestral characteristics of antirory-caeaium

¢ oathodes, 8. Yu. luk'yanov ueed the well-knowi. Fowler-Dewbridge method for
: dstermining the work function in the case of a cathode of a semicorductlag
nature-

A number of studies on antimony-caesium cathodes have been carried out
in the Institute. of Physics im Kiev anz “in the All-Union Electrical Institute N
in Mosoow. In perticular, Morglis and Dyatlovitskaya have investigated the
emigsire properties of these cathodzs in detall, observing the effech of
temperature and the electrical corductivity of the layer nn tho characteristics
of antimony-ceesium photc elements. The work of thz Kiev physiolsts in this
dirsction has continued in receat years. Particularly sromising is the recent
work of Morgulis acd Borzyak, in which the connection between the optical
Jonstants of an antiaony-ceesium cathode and ite photoelectrio properties wae
gtudied. The reaults of these experiments are of interest not only in the
field of photoeffects, but also for the physics of semiconductors, since data
concerning the behavior of electrons which are 3xolted by 1ight in & seml- ..
conducting medfum can be obtained from them. .

An interesting physical study on tue antlmony-casslum cathode was puu-
1igshed in 1947 by Brezhnev, who studled tane effect of an electric fisld on
the photoelectric emission cf this cathode (8hotsky photoelectric effect).
In this work Brezhnev 7irst investigated for a type of antimony-ceesium cathode,
the auto-electron erisslon for a semiconducting gurface. Many efforts to intro-
duce tha rew cathode into various flelds of technology have been made by
Enlebnikov who, together with Zaytsev and Sinitsyn, has studied the luminous
and eleotrical characteristics of antimony~caeslum photo. elemonts.
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In concluding this survey of phyeticon: studtes or photoefects, we shonld | . .
mention the presentatior.’sf a new point of 7iew concerning the mechanlsm of ) \ 4
; emingion from complex cathodes Ly Khlebnikov in 1545. Connecting the photo- T
o ) effect from such surfaces with a pover model of a semicorductor, Khlebnikov &

y strongly sriticized many points of de Bur'e theory, in which the role of atoms
of alkall metals, absorbed on the surface of somplex cathodes is undoubtedly
pverestimated., With ite very loglcal approach, Khlebtnlkov's presentation can
make & positive contribution to the search for anew photocathodes and to the
investigation of existing csthodss. Among the work on speclal technical
applicaticna of photoeffect, we should mention Braude's work in 1937, in which
& new and vary Ingenlous appuratus designed for the tslevislon transmission of
motion plotures was described. The essential part of this apparatus conslsts
of a photosensitive metalllc wire, on whish ls projected a line of frame to be
transaitted. By setting up an electric fisld siong the wire which moves with
-the ‘spesd: of exposure, and collecting the photoelectrons emitted by the filameat,
we obtalin in:the vollestor circult & photo current, the spesd of growth of which
wlll Ve proportional to the light-gignal from the element of the vrangmittad
plotare. Braude's television aystem le a vompletely orlginal sclution of ths

i problem and, as deménstrated by the Leningrad Television Center, is very sultable
. for the transmission of clnefllmas.

B "Sa‘ev:\ndag xlecttdn JHmission ' ' [

L YT 1920y P. 1. Iokirekly and N. N. Semenov conducted  the first studiee 1n
the URER on gecordary elsction emissfon; they meagurad the coefficient of
secondary emission for meroury and studied ite depeadence on the ‘energy of
primary eleotrons. Because of the limitations of vacaum technligue at that
time thelir numeriocal data 1s not considered accurate by presert standcrds;
nevertheless, their qualitative explanation of the cbserved dependence is

- completely valid.

L. A. Xnbetskiy's invention of the muliistage electron-multipllier phnto
tubs in 1934 (this invention was duplicated shortly sfierwards by Zvorykin in
America and by Welss and others in Germany) eroused increased interest in seocondary
emission and in later years a valuable stream c? work Las appeared on the phyeics
) and techuology of secondary-a&tron emigsion. In t‘hese works the mechanism of
. . the phenomena for the simpies®™Nase of pure metallic aurfaces wvae studied,
o principles nezessary for understanding the processes cccurring in zomplex
cathodes were ostablished, new surtaceas baving large ccofficlents of odcondary
N emiaaion were desorihsd, ard numercas more officlent derlgns of electrou-
multiplier phototuber were suggested.

In 1938-1639, Vyatakin began the formation of a sirict guantum-mechanics
theory of the phenomens for the oase of a pure metal. After .ritlcizing strongly
. the theory suggested by Frelich, Vyatskin treated the wnole probles of a pure
. surface in the light of the Sommerfeld model of a metal. Tne “heory in thie
i form wae of established value and interest for analyzin_ experimental duta on
pure alkell metals in a field of low-energy prirary elecirons; however, this
theory vannot accuratsly describe the phenosmena of high-energy electrons for
tke case of fonization in conuection with atomic lons  Later, 1u 19k,
Vratekin substantially developsd and extended his theory. In his new work, . »
seoondary slectron emission i1s regarded as a phenomenon dependent on the com-
plexity ot tae surface and on two-volume effects saused by the “free™ slsotrons
in the lattise and the atomic electrons. The volume effect for "froe" electrons b
‘ determines the precise structure of the energy-distribution funstton for
. sccondary electrcns, while the surface effect gives the hasiz form of the energy-
dletribution function. Both volume effects combined prcvide approximatsly 10 - 20
pevocent of the secondary emiesion. Also uf intereat for the thecry of electron
emission from metals is Vyatskin'e theory, develuped in ihe same work in 154k,
. ooncerning the absorption of electrons (primary and secondary) inside the metal
. because of interaction with tis eleztrona of the metal. -
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In the theoretical works of Kadysherlzh, =20 wiary ~i=7%c~ 15 rogarded ac

a volume effect, like a process of ionltation, Drocseding in the mass of the
secondary cathode. The lonization therry sgrees «with sxperimental values for
‘dependonce of the coefficient of secondary emission on the energy of the
@lectrons and later appliscations to semiconducting surfaces explalned the causes
for the great increase in thie coefficient for complex cathodes. Actually the
value for this innrease agrees only very approximately with the theory, but it
must be remembered that, previously, oo satisfactory explanation existed con-
cerning the behavior of slow electrouns produced during emission in the mass of
the cathode, particularly when the Internal strusture was complex, as In the cage
-of present-day emttters.

Extensive experimental research on thls problem has bsen carriad -sut, In
1936, the work of Afanagyeva and Timofeyer, which precsded the well-known work
of de Bur, made clsar the i{mportant auestion of the increase in the coefflutient
of gegondary emission for pure alikall metals, and it was shown that for the
latter, increase in &= was leas than for other pure metals. Afanasyeva and
Timofeyev applied & new experlmental method for the study of secondary emission,
the deposition of layers of atoms of anpther metal of gradually insreasing
.. thicknesa on metalllc backing, whish proved very useful for studylng the
¢ .-meohaniam of the phenomena aund was widely ysed aftorwarda. '

. .The work of Khlebnikov and his ocolleagues clarifisd the part play.ad by

_-abaorbud ‘gases.  later, the sccurate experiments of Msrozov (1941), not only .

:gave & reliable’and accurats valus for the cosfficlent of secondary smlssion
Tor wany pire matals, kot alsp confirmed the regulis of Xushnlir-and khis
colleagues ‘sonosraieg the dependence of sssundary emission of pire metalc on
temperature within wide limite. In the sams work, the effect of the traneition
of the metal through the melting point on secondary smission was studled.

In 1937, 8. Y» Iuk'yanov and Bernatovich made a very accurate atudy of the
d>pendence of the ooefficlent of geosndary emlesion on ths angle of incidence of
tae primary siectrons. The lnorease of mecondary emissicn for obliquely incident
primary eleotrone vas establishad both for pure metallic surfaces and for complex
oaesium-oxide emitters. This problem was later studled in detail by Knehnir and
his colleagues in a number of works (1541-1946) in which they studled the offect
of the angle of incideace of the eleutron beam on the total secoudary emission,
aod algo conducted difficult sxperimental research on the effect of the angle of
incidence upon the energy-distribution funatlion for secondary electrons.. Tha
dependence of the distribution functlon for secondary electrons 5n the angle of
departure was elao studied. In Kushnir's laboratory the study of the dependence
of oeocondary emiesion upon the angle of incidence of, the primary beam is important
for the design of electron multiplier pbototubes and the explanation of the
experimental data obtained is important for understarding the mechanlem cf the
phenomena. In particular, -ome ideas developed by luk'yancv and Bernatovich in
thisr work, {see above), wers uged for the development of the ionization theory of
secondary emission.

Secondary emissinn from pure scalconductors was first studied in the works
of Afanzsyeva, Timofeyev and Frimer and for dielectrics by Vudynskiy as well as
ty Xceman and his coileagues in a particularly outstanding work, in which new
metheds were utilized.

The study of efficient emitters, l.e. surfaces with large coefficients of
cecondary emission, is closely connected with the so-called Malter effect Thig
term {s applied to the superpositicn, in a number of cases, of aunoelsctronic
exission cn the real secondary vmisalion from a surface. It le often very difficult
to seperate the resulte of vhese two effects, real secondary emission and the .
Malter sffect. Tais problem is nf great fmportance both theoretically, from the
standpcint of explaining the mechanism of secondary emiesion from nonmetallic
surfaces and, practically, tecause efficieni emitters of secondary electrons are
found among these typss of surfaces. Some investigators, headed by Timofeyev
and kis collesgues, velieve thet, in general, the substantlial coefficlents of
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secondary emiseion of ssuiconductlag emils-vc I;—}f?/?' alr-ady {ndic=te the
. presencé of the Malter effect in a special form, while st the same time, others
: : {Morgulias, Zernov, Khlebnlkov) belleve that real secondary emission can glve )
) : valies of g~ amounting to 1C - 12. iy

Conesquently, at present, there are a whole series of works by Soviet
physlolists deallng with studies of emitters of the semlconducting type. In the
souras of this work, the energy-distribution of emitted electrons for a number
- 'of surfeces has been explained and two groups of electrons, real seccodary
: electrons and “aatoelectrons™ have been discovered, in the case of typical
- ) Malter emitters. In addition, memsurements have been made pf the fall of
potentisl in a layer of a semiconductor giving the greatest value for o— , .
aid the existence of intermittgat tran-itlons from emission of the ueual type- ' -
to Malter emigsion with changes nf thickness of ‘the semiconductor (Zernov) :
has bsen ‘dempnstrated experimentslly. The temperature dependence upon the
da_nsity of ‘the. primary ourrent, the speed of primary electrons, etc. has besn
determined for many efflclent emitters. ‘

A1l these studies, 'n eddition to providing data of purely physical
interest, have also placed at our dlsposal a valuable "ersenal” of secondary-
enitting surfaces, possessing high cosZficlents of gecondery emission, rellable
{n operation, and.capable of considerabls losding. OF particular interest in
‘conneotion 14 the magnssium. oxide emitter, developea by Aranovich in Timofeyev's

. v1aboratory, baviog s value of 7 of ‘the order of 30-50 {instead of the usual
valus in techaology of 8-10) withatanding temperatures ny to 1,000 degrees
sentigrade.  dention shouid &iso be made ol ihe coppey-suliur-sassium smlitter, .
dsveloped in Kubetskiy's laboratory, which has proved very suitable for appli-:
oation in a photomnltiplying magnetron with the cathode on the glass envelope.

The pioneer in the technological application of secondary emlesion has
been L. A. Kubetskiy. He not only dessribed an actual desigon for a multistage
amplifier, but in 1934 he bullt a working model of the apparatus. In recent
yoars Kubetskly, Vekshinskly, anl Timofeyev have oreated numbrous, very
sensitive variants of photomultipliers and electron tubes using secondary
emigsion 1n the laboratories of the "Svetlana,” factory in the All-Ualon
Bleotrical Institute and in the Institute of Telemechanics. The main obetacle

s to the development of these tubes in recent years has been the lack of
: safficiently efficiert and heat-resisting cathodes, this difficulty can be
sonsidsred surmounted.

Original expectations of a revolution in amplificatZon technology, Lv be

brought about by the introduction of electron multiplier thototubes have proved
. to be overoptimistic. At the present time, in the competition batween the two
| systems, vacumm-tube amplifiers and electron multipliers, phototubes, victory
geems (o lie with the older system, but it muat be remembered that vacuum-tube
cirsuit- have already been very fally developed. M:ltipliers suffer from a : .
number of shortcomings; they are not standardized to the same extont as vacuum
tobea and are lesg atable. Thelir main adventage lles in great amplification of
weak h.f. aignals, for example in televielon, because the signal-to-noise ratio
18 higher than it is in vracuum-tube cirouits. Application to talking films is
possible, but the guestion as to vhich i8 the mpst efficlent system (vacuum- |
tube amplifier pactumultiplier, or a thallium-sulfur phot: element with a . _ .
bleoking mers gtill remains unanswered. '

.

C. Thermo-Electrunic Emission

o During 1911-1913, langmuir and Childs solved the problem of calculating the .
inorease in wluctron current in a vacunm in the presence of a space cha-ge, uesum- ,

ing aboenserof initial velocity, for the rlane and cylindrical casee (langmuir's

3/2 law). For the cylindricul case the solution was, hovever, only approximate

and in 1923, an exact solution was odbtained vimnltaneousl” and independently by

Boguslavskly in the USSR and by langmuir end Rlodgett 1n the US. Boguslavekiy's

. work coatained a full and atrict treatment of the problem, but as it vas pub-

. 11shed afiver the author’s death, in 1924, in a journal with limited clrculatlon,
it has, unfortunately, remained unknown to the majority of later lnvestigators. N
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Another noteworthy early work in this filsld wis thas of Pavlov and others,
publighed iu 1923, dealing with research on the movement of electrons between
two plane grids, In this work the presence of initial speeds (assumed to be
constant) for the electrons was studied and & certaln lnexactness was pointed
out i{a the solution, i.s., for the given conditions, the value of the carrent -

"in. the appavatus was not fnlly determined by the value of the potential on the

electrodes. This work was also forgotten and Pavlov's work was dupllcated, con-
aidérably la‘sr, in the vorks of foreign inveatigatora.

The first {.'loviet work on radlo tubss was carried put in the years 1918-1919,
when Bonoh-Bruyevich and Ostroumov in the Kizhegorod radio laboratory laid the
foundations 6f the Soviet electrovacuum industry and carried out the firast

- Experimental research by Soviet physicists on thermoelectronic emission
from varioug surfaces appsared in later years. The main body of thle work was
continucusly. connected with the physice laboratory of "Svetlana® fasctory divected

- by Yeklhinskiy and Luklrukiy during these years which played a unique role i

oreating Soviet electrovacuum apparatun. Among these works. the flne. experi-

' ments of Vekebiaekiy, lakirakly, 7 zina, and Tsareva (1930) concerning the

effoct of layers of "forelgn™ ‘atoms abeorbed op .the surface of the metal on

' thermnelectronio smizsion should ‘be mentioned. Theee experiments, and aleo the

studiss o Ptiteyn, Berdsnnikova, Morgulis, and his colleagnes, Ravdel, Ansslman

'mnd Dozlyakovskiy; were the starting poiat for extensive work on.the atudy of

couEplex- {nomnleacent cathodes of various types, and for the development and re-

‘finement of the toohnology of the thoriated anc. larbon cathodes, and later thre

oxide and bariue cathodes.

Much valnable work was done in the field of electrovacuum technology by
Ivanov, a recently dedeased engineer and physicist of tho "Svetlana®™ factory. A
leading part in oreating Soviet radio tubes has been played by Vekxshinskiy,
Shaposhnikor, and Zusmanovskiy. The latter,together with Katsman and Moshkovich, - )
was avarded a 1941 Stalin prize for the invention of a low-voltage amplifier. X u

Anong the studies of a purely phyetcal character, we should mention the
workes of Rutkevich, Morgulis and Dyatlovitskiy, whc studled electron emission
from a thoriated tungsten filament. Dobrstsov and Morozov investigated the
evaporation of barjfum on tunoxten aud determined the heat of abscrption of the
atoms of Ba, and also the time of absorption of Ba with various coatings and
tamperatures.

Tae Shottky effect for tharno:lectronic emission was etudied in the works .
of Dobretsov and Morgulis. In one of the later works (1941), Dobretsov undertook . i
the exact detsrmination of the change in the work functiva under the influence of :
an oxternal eleuvtric fisld, using a thermal method. He made careful measurements '
of the latent heat of evaporation of elecirons wlth various oxternal fislde and
shoved that these moasurements of the latent heat of evaporation agreed with
the measurenents Tor the work function, as given by Shottkiy’s theory.

Interesting etudied vn the investigation of tle behavior of oxids cathodes
noder impulse conditions were recently (19hk-b6) published by Andrianov, Morgulls,
Kalashanikov and others. The detailed explanation of thie problem nae great
significance for the solution of wany prodlems of present-day radic techralogy.

The complete desoription of Snviet werk ca radio tubes belongs to the fleld
of radiotechnology and canno: be given here, but we shall deal with one series of
stvdles in which Soviet sulentists have sontributed much that & new and originml.

The development of microwave technology, in connection with the muccessful
development of a magnetron oscillator, has aroused increasing interest in the
explanation of magnetron operation. In & number of ar%icles, the publication of
which began in 193k-1935, Grinbesg, together with Iukoshkov ani other vorkere of
the "Svetlans” factory, caloulated the fielde in a sloited magnetroc, and, using
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Grinberg's graphoanalytical method, wera able Lo piot the electrorn trajectories : : B
: in thege flelds. Consequently, it was possible to explain fully the causes of ;
) e the pegative resistance of the magnetron, disproving the earlier inaccurate ,‘
: theory of tals phenomera. Also of considerable importance to radio technology
Ty is the expleination of problems concerning the nonslotted magnetron, the
28 o caloulation of the fielde, the determination of the dependence of the current-
i gtrength on the magnetlc fleld, etc. For the "epherical” magnetron, this vas
acopmplished by Braude in 1936; for the cylindrical magnetrpn, the full
s>lution was first given la 1938 in a study by Grinberg and Volkenshteyn, which
states, in particular, the formulas for dstermining the wave langths of the
transient oecillations and their dependence upon the dimenslons ead upon the
applied flelds. -
Another interesting study in microwave technology concerns the theory of
the passage of an electron currest near the limita of its space charge, through
& plane diode of such high frequency applied voltage that the period of the
nigh-frequency field is comparable to the time of flight of the alactrona
through the apparatus. In 1935, Grimberg, in addition to new investigatlons
of the plane case, firast gave the full solution for a cylindricael dipde. In
"’the work of Grinberg and Blizhyuk in 1938, the corresponding calculations vere
.-glven for determining the values .of the complsx impedance of a cylindrical
diods at high frequency. In addition, Grinberg investigated in detall the initial
" .gtegee of the pasesge of an electron ourrent through & diode when an impulse-
“wgltege was syitched on to the anode {motion of the "electron front™ and the
acoompanying fovmation of n space charge)}...

.
e erad

‘ T fagkine
Mention has been made above of the importance of theoretical work in rf‘/""%ﬁ
investigating the magnetron. IExperimeatal development and research gg_,_,/li'*“—'gfmwﬂ
s nagnetrons, apart from that in "Svetlana” factory,/ TIFst In Mosccw and late by GF
; in the Gorky PLysiocotechnical Institutve. She has alao carried out valuable work
on alsctron-bsam tubes. In addition, wide experimental research on the maguetron
hak beer done by Slutskin, who has elso made various theoretical caloulation on
the sax* subject.

D. Surfece Ionization and fonic Emigaion

The phencmenon of surface lonization was cheerved by langmir and Kingdor,
in 1923-195h, for the case of ths ionization of caesium atoms on the surface of
incandesoent tungsten. Then the well-known langmuir-Sak formula wae deviged for
the temperatuie dexendence of this phenomenon. The subject matter of this re-
searoh (caesium on tungsten) however, d1d not yermit & thorough check of this
formula to be made, since the atoms of caesium reached practicelly 100 percent
1ond ~~tior ~ver the whole temperature range conveaient for the investigetion.
_Thorefors it was not uatil conslderably later, in 193k, in the works of
Dobretscy and Morgulis con the ionization of posassium, sodium, and barium on
the surface of tungsten, molybdecum and tantalum, that the temperature dependence
for Sonic emission vas first satisfactorily investigated and the applicability of
the Iangmuir-Sak formula vas fully verifled.

Particularly fine ~xperiments wers made by Dobretsov, who used the very
thorough method of molecular beems. It should be eiphasized that the lnteresting
sase of sodium on tungsten (the ionlzation potential for Na is greater than the
: work- funntion for W!) had not previously been generally lnvestigated. Iu 193k,
g Norgulls alan studied the revarse phenomencr, the neutralization of ions of

alkall metsls vn metallic surfaces.

Surface lonication on complex catholes was first studled ir Russia. In
193k, Dobretsov undertook the lavestigation of surface ionization for
thoriated tungsten and subpegaontly he acouzately analyzed all aspects of thia
phenomenon. The imterest and significance of Lals work extends far boyond the
study of the effect of surface ionizat’on. The fivst experimental demonstration

of the preapnce of "mottled gtructure” in complex cathodas occurred in the course
o e
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of this work. Electron-optical research wes carried out later and the well~
xnown digoussion of langmuir, Kingdon, and Beksar concerning "Maotiling of
thorium on t.ungaten" in 1934 was of a purely hypothetical nature. In this
vay, surfece ionization can be used ad & nev method for studying the structure
of complex oathodes. It also successfully supplements thermpelectronic
regearch on the portions of the cathode with the minimum work funotion, while
eurface ionlzation proceeds particalarly resdily on portlons with maximum
work ‘function.

tater, in 19%6, Dobretsov, as & result of dimcuassions with Morgalis,
ahowed that the effsct of an electric fleld on surface lonizablon, over a wide
range. of field-strengths, produced a Shottky effect for ions. In 1937-1938,
Dobretsoy and Konogenko, Morgalis snd Dyatlovitska firat studled the effect of
an-electric field on eurface lonizatlon of thoriated tungsten {"the anralous
8hotthy effect for jons™). Studies in this branch of the subject were Tirst
‘suggested by Soviet phyeiclets, who later achieved complete explanations of the
phenomena.

In 1937, Ionov, acting on & suggestion by Lukirakly, began the study of

soriape. fontzation of stoms foralng nsgative lons. In 1940, Dukslskiy and
‘Joutv- published ‘& work-dsteiling their investigation of the formation of
‘uegative halide Ilpns.during the reactlion of alkali halide moleculea with the
‘surfsce’ of incandesvent tungsten. These studles, contlnued latery by Iouow,

" 'updertook:the verification of the applicability of the Langmulr-sak foranle to

 ipnjsation of this type. The value of study along these lines includes the
posaibility of the dirset measurement of sleotron affinitiss of varlous atomds,
which is very diffioult to determine by other methods. Stmiler stndies have
been carried on for & number of years in Tashkent, where the experiments, begun
in 1935 bty Starodubtsev in Lukirakiy's laboratory, cn the surface ionization of
alkal!l halide salts were continued. It was olearly chown that the study of the
temperature characteristics and the absolute coefficlents of this type of
fonization providas a means of dstermining the heat of the reaction on the
surface of the metal. Shupp end Arifov coutinued the study of positive ionization
of salts and the negative ionization of halides on thoriated tungsten at the same
place.

Work closeiy related to thece questlons has been conducted by Pavlov and
Morozov (1955-1940) on the study of the ionic emission of various chemical
compounds, and by Pavlov and Starodubtsev on ths lavestigation of the reactions
of slov and fact lons with metals and with filme cf semicorductora. The large
amount of experimental material obtained from these experiments needs further
developmsnt and syetematization, since it could be developed into a new, original
goction of surface chemistry.

tnite recent.y (1346-1947), Dobreteov, Starodabtsev, and Timokhina observed
a new type of surface ionizatior, the fonizatlion of atoms of metals on . hin
f1lms of oxiles of the same mstals. The observed phenomena do not fit 1ato the
framework of the usual theory and deserve further {ntensive study.

B. Electron Diffraction

In cozparisoa with other flelds of electronics, the Soviet worss on:
electron diffraciion are fev in number, but many of them have prcved vital for
devalopment in this fleld.

first, we should mintion the work of Tartakovskiy, a ploneer in studies cn
eleotron diffraction, which he has cerried on since 1927 1a Leningrad and Tomsk.
Inter<sting studies vere conrducted by Kolpinskiy in the Physica Institute of
Leningrad State University om the atuldy of polycryctalline thin films with
orlentated orystals, and by Enlpinskiy and Fok, who iavestigated, bnth
theoretically acd experimentally, electron diffraction from deformed crystals
To the sams place Alikhanyan and Kosman studied 3lectron diffraction with
"rglativistic"” electrons.

-9 -
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Lashkarev-aud hls colleagucs invest. e~ thue-11ffruziion of 210w electrons
and demonstrated the dependence of the refractive ludex ol the electiran waves
R on the speed of the electrons. lLashkarev and Usyskin used electron diffraction ol
; ': : to determlne the space structure of the ammonium chlorlde molecule. . ¥

In addition to experimeantal work in this fleld, theorstlcal studies have
been made by Tartakovskly, Lashkarev, Ealsshnlkov and others

F. Eleotron Optics

The problems of electron optics did not attract the attention of Sovlet :
physioists until a much later date, slnce all the publish.i work on this subject «y
has appsared in the last 7-8 years. Nevertheless the work of Soviet szlentists
has substantially sariched this branch of electronics by theoreticel research,
new ideas, and original designs for electron-optics apparatus.

a The importance that is attached to the artificlal) production of fons with

iy ! great. ensrgles la well known ln present-day nuclear physics. The best method

Ry ) for obtelning sach lons 18 the oyclotron; however, the relativistic increase

in mees ‘of ‘the partlolea during their acceleratlon effectively limits the

y : S poasibilitins of this remarkable instrument. Four many years it ssemed that the

- et only way of reaching higher energles: would be to increase the voltage, which

o e " would require a-larger:olearance betwiesn the pples and would increase the size
6f the pworful oyclotrons which weye already quite magsive. A complstel_y new
‘HILDOL‘PLB way inbroduved by Vekeler iu 1545, vwhou be suggested the use of Taubo-
phasing,” a method which he had dlscovered. It appeared that, by introducing
slov variations of frequenoy, it was posaible to effect a sudden increasge in
the limlting energy of the lone without changing the size of the oyslotron. His
wnork was soon repeated in the US and, at the preeent time, the cyclotron with
modulated frequency 1as one of the most pesrfectad tools of applied nuclear phyeics.

Interesting work has also been conducted by Soviet physicists toward the
: solution of the problem of accelerating electrona. In 1339, long hefore Kerst's
o well-known work, Kelman, Korsunskiy, and Lang, in the Kharkov Phys.cotechnical ’ . ‘.
! : Institute, designed a magnetic eleotron mirror and had begun work on its
avplication to the constructicn of a "guadratron,™ an apparatus for the repeated
acoeleration of electrons. Unfortunately, this work and the theoretical
- researches of Terletskiy (19%1), who, independently of Kerst, re-examined the
1leas of Videros on the orsation of an electronic tranaformer. were Iinterripted
by Y¢.1ld War II.

it was in Kharkov also that Korsunskiy, Kelman, and Petrov first suggested
and realized experimentally the oomstruotion of a ligxt-inteneit.y,(} -gpectro-
7aph with a nonhomogeneous mrgnetic field, which was used tc obta!n aberravion-
i free focusing of wide-angle (40 degrees) electron beams.

H Of parilocular interest are the studies of Grinberg, pnblished in 1342, on
the general theory of focusing elecurons in electrostatic and magnotic fieldas.
The impurtance of this work lies in the fact that it gives some general laws
for maction of chargsi particlee under the influence of electricil and magnstioc
forces and these lavs determine the cogditions for the focusing of eiectron and
ion beama. Long ago, certain spacial oases of the movement of electrons In

I electricxl and asgnetic fields leading to focusing of the electron rays were
olserved which were analogous to the focusing of light rays by optical imstru-
ments. The analysis of these special casss was the task of theoretical elestron
optics and many varied and interesting practical applications resulted from
thts work. ¥or the further developzent of this sclence, however, the .
enbetantial development of theoretical electron optics was an lmperativa : B
neceasity. The nocessity for the expansicn of the theoretical bases of slectron ’
optios had long been appreciated by workers in this field but, uncil the
appearance of Grinberg's work, few advaices hal been made toward the sslution of
the gensral proolems of electron fovusing. The results obtained bty Grinberg are
the present foundations of electron optice, and today, theoratical work in this

fieid 1s almost complets.
- 10 -
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Grinberg's solution. of the problem-was obtalned by completely new msthods

iwhioh ‘are’ of great-interest from. the: standpoint of theorétical meshanide. . In

mnchanice, ‘the. problem ofthe motion of & particls vsually oonsists of definlng

“"a fleld ‘of forcs and. then lnvestlgating the motfon'in this fisld: By thie:

method, ‘the’ goomntrioal forms of the trajsctories are known only when the
caloulationg are completed. ‘In, Grinberg's work, hovever, the basic problem of

-~ dysamice waz; 80 to speak, turned {nsfde out. Because of the practical necessity
c.of controlung, & required, the form of the elegtron trajectories, Grinberg set

out. to examine the poseibility ol detomining the electrical or mgnenc field

& ‘requiro& by a besm havinga trajectory of & glvea form. Thie new approach to

the problem was fully Jnsuﬁed by 1ts success, ot only In explaining under what

¥ condltions "the focusing ef slestron’ tra,joctorles vas possible, but also in pro-
__,_vidi.ng torml.u for. datemining the ﬁelds ‘nesded for beams of & glven form.

In 19% Artainorioh pubuahod an importu.nt tasoretica): work dealiug w@ith

‘the obnarvod eloctron-aptical properties of emigaion systems.. Sucy systeus in-

clude all uppamtuu i whick imsges of objects, whigh eémit elow elesctrons are
obtained: ‘examples are the euiuion -alegtron. mlcrosoopo, the telsviaion:

. “4isasotor, and the elechron guns of nnasoopes. - In gpite of ‘thelr great -

practical importance; the theory of auck systoms up to thet tide had caly been
Goveloped Vo .a very. inadequats form. ' Arteimavieh not osnly found an or'gioal
asthod of golving the associated -d1iffarentisl oquations for: the trajectorios
of the slestrom ddsrs in thege cases, but also produean & caloulauon for. the

. rublving povers. -and uin elactron-optiul abberahonu ot thage systems.

In recent yoau s elootron option, ‘has heen applied by Rik and Kormakova
to the analysis of the trajectories of electron beams in electron multiplier
phiototubes. Rleotron-optical researcher have been oarried out for thke
incandessent cathodea by Morgulis asnd for antimony-caeaium photocathodes by
Brezhner.

Tho most important item of the widespread work, carried out for several
yoars in the State Optical Institute by A. A. Lsbedev and his colleagues, was
thei~ oreation of the first Russian-bullt speoimens o slectron microscores.

In 1947, Lebedev, Vertsner, and Zandin were awarded a Stalin Prize for thias
vozk.
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